V ITAMIN A has been reported to alter certain aspects of carbohydrate metabolism. Wolf et al. (1957) found an interference in gluconeogenesis in the intact vitamin A-deficient rat. Acetate, lactate and glycerol carbon incorporation into liver glycogen was severely reduced in vitamin A-deficient rat livers with thpre being essentially no liver glycogen in the A-deficient rats. Perek and Kendler (1969) reported decreased liver glycogen levels in vitamin A-deficient chicks. Stoewsand and Scott (1964) reported that high dietary protein and vitamin A deficiency had an effect upon liver glycogen which may indicate an abnormal turnover of liver glycogen in vitamin A-deficient chicks. Unpublished results of Nockels at this laboratory suggested an impairment in lactic acid formation from glycogen in the pectoralis muscles of mildly vitamin A-deficient chickens.
The present research was undertaken to study the effect of vitamin A deficiency on glycogen degradation in the white muscles of the pectoralis major and minor and red muscles of the thigh and in liver of chicks as influenced by degree of vitamin A deficiency and duration of deficiency state. It must be emphasized that when studying carbohydrate metabolism in animals deficient in a nutrient it is imperative that they have sufficient caloric intake to maintain positive energy balance. It is impossible to 1 Supported by Public Health Research Grant No. AM 12349-02 from the National Institute of Arthritis and Metabolic Diseases.
'Published with the approval of the Director of the Colorado State University Experiment Station as Scientific Series paper number 1512. draw meaningful conclusions regarding the importance of a vitamin or mineral on carbohydrate metabolism if the animal is in essence fasting.
MATERIALS AND METHODS

Animals. Day-old Single Comb White
Leghorn chicks of both sexes were randomly allotted to one of the following milosoybean diets (Nockels and Kienholz, 1967) supplemented with 550, 1100, 1650 or 6600 U.S.P. units of vitamin A palmitate per kilogram. These levels of vitamin A constitute 25, 50, 75 and 300% of the National Research Council's (1966) requirements, and these levels will be used to describe the treatments with birds receiving the 300% ration serving as controls. The chicks were the progeny of hens which had been maintained on a minimal carotene ration supplemented with 4400 U.S.P. units of vitamin A palmitate per kilogram in an effort to equalize vitamin A transferred to the chicks. The chicks were reared in electrically heated battery brooders until 5 weeks old, when they were placed in growing batteries. They received feed and water ad libitum and were individually weighed at intervals.
Tissues. Five cockerels and five pullets, which had positive weight gains, were selected from each vitamin A treatment at 4, 8, 16 and 24 weeks of age and anesthetized with ether. Eight birds, one cockerel and one pullet from each of the four treatments were killed each day for five days. The sequence of kill of each treatment was varied to reduce diurnal variations. Blood, by heart puncture, was collected in heparin-ized tubes containing sodium fluoride for the determinations of glucose and catecholamines. The white and red muscles and liver were removed, and the total liver weight obtained. Tissue samples were immediately prepared for analyses and portions of each tissue were anaerobically incubated for two hours at 28°C. in closed polyethylene bags filled with nitrogen. Enzymatic reactions were stopped by placing the tissues into dry ice and acetone. Glycogen and lactic acid were determined on preincubated and post-incubated tissues. Active phosphorylase and adenosine triphosphate (ATP) were determined on the preincubated samples. Liver was homogenized in a Potter-Elvehjem homogenizer with a teflon pestle, and muscle was homogenized in a Sorvall-Omnimixer with microattachment. The dry matter of muscle and the fat-free dry matter of the liver were obtained. The tissues were dried for 24 hours in a forced air oven at 6S°C. and the dried, ground liver samples were extracted for 18 hours with petroleum ether (B.P. 40-60° C).
Procedures. Active phosphorylase was determined in duplicate by a modification of the method of Illingsworth and Cori (1953) . Approximately 200 mg. of tissue was homogenized in cold 0.1 M sodium citrate buffer, pH 6.5 (1 part tissue to 20 parts (W/V) citrate buffer). To 0.1 ml. of the homogenate was added 0.7 ml. of a solution containing 3 parts 0.1 sodium citrate (pH 6.5), 1 part 0.46 M sodium fluoride, 1 part 0.1 M glucose phosphate (pH 6.5), 1 part 0.002 M adenosine-5-monophosphate and 1 part 2% glycogen. The mixture was incubated for 10 minutes at 37°C. The reaction was stopped by the addition of 0.1 ml. of 10% trichloroacetic acid. The incubated mixture was centrifuged for 10 minutes at 6000 rcf. The amount of inorganic phosphate liberated in 0.5 ml. of the supernatant was measured by the Fiske and Subbarow method (1925) . Tissue glycogen was determined by the nephelometric method of Hansen et al. (1952) using a colorimeter.
Total blood catecholamines were measured fluorometrically.
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The catecholamines were isolated and the fluorescence developed.
4 Plasma glucose was determined according to the glucose oxidase procedure of Campbell and Kronfeld (1961) .
Lactic acid was determined in tissues homogenized in 9 parts (W/V) of 6% perchloric acid. The samples were analyzed for L ( + ) lactic acid using commercial 5 reagents. The method of analysis for adenosine-5-triphosphate was essentially that described by Adams (1963) , using an ATP test combination.
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Statistics. All results were subjected to the 3-way analysis of variance for data having unequal subclass frequencies according to the method of Bancroft (1968) .
RESULTS
Body Weight. Within sex hatching weights were evaluated to ensure uniformity in weight of day-old chicks. Significant sex differences in body weight due to sex were evident at one week of age. These sex differences in body weight were maintained through 23 weeks of age.
The body weights of the chicks receiving the 25 and 50% treatment levels were significantly lighter (P < 0.05) than controls of the same sex at 2 weeks of age. Only the 25% groups maintained significant weight (P < 0.05) deficits when compared to their controls through 21 weeks of age, and these differences were only significant at P < 0.10 at 23 weeks of age (Figures 1 and  2) .
In addition to differences in body weight gains the vitamin A-deficient 3-week-old chicks showed drying of the mucosal surface of the mouth. Ataxia became evident in a few of the S-week-old birds on the 25% vitamin A treatment.
Vitamin A deficiency did not affect liver weight as a percentage of body weight in the 4, 8, 16 or 24-week-old birds.
Blood. At 4 weeks of age the chicks which were deficient in vitamin A showed significantly lower blood glucose levels in the 25% group (P < 0.05) and in the 50% group (P < 0.025) than the controls (Table 1) . Both the 25 and 50% treatment birds again had significantly lower (P < 0.05) blood glucose concentrations than the controls at 8 weeks. By 16 weeks only the 25% birds had highly significantly (P < 0.005) reduced blood glucose levels. There were no blood glucose differences due to treatment at 24 weeks of age.
Higher blood catecholamines were noted in all the vitamin A-deficient groups than the controls at 4 and 8 weeks of age (Table  2) .
Liver. Liver glycogen was dramatically affected by vitamin A deficiency. The preincubation liver glycogen values expressed as mg. glycogen/g. fat-free dry matter (FFDM) are shown in Table 3 . Both the 25 and 50% groups had significantly higher (P < 0.05) glycogen contents than did the controls. There were no differences in quantities of glycogen degraded during incubation which were attributable to treatment effect.
Neither pre-incubated liver lactic acid levels nor amounts formed during incubation were affected by vitamin A deficiency except at 24 weeks. At this time the 25 and 50% treatments had significantly more (P < 0.05 and P < 0.01, respectively) lactate formed during incubation than the controls (Table 4) .
Active phosphorylase was not significantly affected in the chick liver by hypovitaminosis A. However, phosphorylase levels appeared to decline with age and vitamin A deficiency in the 16 and 24-week-old birds (Table 5) . Adenosine triphosphate measurements in the pre-incubated liver samples were not affected by vitamin A insufficiency at 16 weeks of age. Conversely, at 8 weeks of age there was a trend toward higher ATP levels in livers of deficient birds (Table 6) .
White Muscle. Statistically there were no differences in muscle glycogen content between vitamin A-deficient birds and controls; however, there was a very definite trend indicating increased muscle glycogen with increasing vitamin A deficiency in the 8 and 16-week-old chickens (Table 7) . At 16 weeks of age there was a significant increase in glycogen degraded in the incubated muscle from the 25 and 50% treatment groups (P < 0.005 and P < 0.05, respectively) compared to controls (Table  8) . At no period investigated was the percentage of the glycogen broken down influenced by vitamin A status. Neither the pre-incubated nor incubated tissue lactic acid levels was influenced by vitamin A deprivation. The ratio of glycogen degraded to lactate formed during incubation of the tissues from 16-week-old chickens is shown in Table 8 .
Only at 16 weeks did there appear to be a reduction in active phosphorylase content with vitamin A deficiency (Table 9) . Again, as in the liver active phosphorylase, levels were reduced with aging.
White muscle ATP levels appeared to be increased in the 8 and 16-week-old A-deficient groups as compared to the controls (Table 10) .
Red Muscle. There were no statistical differences in the initial glycogen contents of red muscle or in the percentage of glycogen degraded in any of the treatments at any of the periods investigated. Vitamin A deficiency did not affect adenosine triphosphate levels, lactic acid synthesis, glycogen degradation to lactic acid, active phosphorylase, or any ratios of the aforementioned constituents in red muscle during the investigation. Red muscle active phosphorylase declined with age as shown in Table 11 . Low supplementary levels of vitamin A reduced chick growth, but not to the extent that the birds lost weight. Growth rates of the vitamin A-deficient birds were slower than controls, but as they approached maturity differences in body weight disappeared. Sexual development did not appear to be affected by the mild vitamin A deficiency since there were no differences in testicular size in the males and all females were laying eggs at 24 weeks of age.
Blood glucose levels were lower in the vitamin A-deficient birds throughout the period of rapid growth, but no glucose differences existed in the mature 2 4-week-old birds. This decrease in blood glucose did not appear to be due to a deficiency of available carbohydrate as there was no reduction in liver glycogen stores in the deficient animals. In fact at 4 weeks of age liver glycogen was highest in the 25% group. These results are contradictory to those of Perek and Kendler (1969) who found in A-deficient chicks increased blood glucose, decreased liver glycogen and an enhanced accumulation of 21 a-ketol responsive adrenal corticosteroids. If blood catecholamines can be considered as indicative of hepatic catecholamine levels, then catecholamines did not appear to be a limiting factor in the breakdown of liver glycogen. Neither ATP levels nor active phosphorylase in the liver were affected by vitamin A insufficiency. Johnson and Wolf (1960) reported that mildly vitamin A-deficient rats could convert glucose to glycogen. They also found that glucocorticoid formation in the adrenal was inhibited at the step between 11-deoxycorticosterone to corticosterone, Glick (1963) reported that vitamin A-deficient chicks had reduced adrenal cortical function. Stoewsand and Scott (1964) found that vitamin A deficiency did not impair liver glycogen formation in chicks on refeeding after a 24-hour fast. The liver glycogen/g. feed intake values were higher in the A-deficient chicks than the controls when sampled at 1, 4 and 24 hours after refeeding. It was also reported that the vitamin A-deficient 2-week-old chicks did not produce significantly lowered amounts of corticosterone.
The increase in lactate formation in the hepatic tissue of the 2 4-week-old deficient birds suggests that glycogenolysis is not being limited by vitamin A deficiency. This hypothesis is supported by the relative increase in blood glucose in A-deficient birds compared to controls.
Vitamin A deficiency did not affect the low rate of glycolysis or lactic acid formation exhibited by the red leg muscles. The low glycolytic activity of red muscle is in agreement with George and Berger (1966) who reported that red muscle fibers are richly supplied with mitochondria and have a high rate of oxidative phosphorylation, whereas white muscle fibers have few mitochondria and a high glycolytic capability.
Analyses of the white muscles from vitamin A-deficient chickens showed an increase in glycogen content and ATP and a decrease in active phosphorylase and a decreased conversion of glycogen to lactic acid as compared to controls. Although these results are not statistically significant they suggest that mild vitamin A deficiency increases glycogenesis which results in increased muscle glycogen. Either an increase or decrease in glycogen deposition could be possible depending on the metabolic expla- nation for the slower growth rate which was observed and is characteristic of vitamin A deficiency. If the birds were growing more slowly because of inappetence, then a decrease or no change in glycogen stores might be seen. Conversely, if decreased growth was due to a metabolic inability to use glycolytic products, then increased tissue glycogen would be expected. In these experiments glycogen synthesis rates were not determined but rates of glycogen degradation were not inhibited in the deficient birds under our experimental conditions, indicating that there may be an increased rate of glycogen synthesis, as previously reported by Stoewsand and Scott (1964) . A reduction in phosphorylase activity with aging was found in the liver and red and white muscles.
Vitamin A deficiency was found to impair lactic acid synthesis from glycogen in white muscle. Although active phosphorylase was depressed by vitamin A deficiency in this tissue, it did not impair the initial breakdown of glycogen. On the basis of the analyses of phosphorylase activity in skeletal muscle this enzyme was not a limiting factor in vitamin A deficiency as the same quantity of glycogen could have been degraded with only 1% of the activity found. The reduction of phosphorylase activity could be the result of an accumulation of glycolytic products such as glucose-6-phosphate due to a metabolic block in the glycolytic cycle.
SUMMARY
Vitamin A-deficient Single Comb White Leghorn chickens had significantly reduced plasma glucose levels during their first 16 weeks of life. In spite of this decrease there was a significantly increased deposition of glycogen in the liver of 4-week-old chicks and an increased glycogen level in white muscle tissue of 8 and 16-week-old birds. Vitamin A-deficient 16-week-old birds were unable to degrade glycogen to lactic acid as well as controls. A significant increase in liver lactic acid synthesis was noted in the 2 4-week-old A-deficient chickens. No changes due to vitamin A deficiency were found in plasma catecholamines or tissue levels of adenosine triphosphate. Although there were no changes in phosphorylase levels between treatments, there was a dramatic decrease in liver and red and white muscle phosphorylase with age. INTRODUCTION I N A previous study (Anwar, 1967) , chick rations were formulated to contain a constant ratio between productive energy content (P.E.) and the number of gross protein value units (G.P.V.Us.) supplied per kg. ration. When this was done, incorporation of different quality protein supplements (cottonseed, meat and fish meals) gave comparable growth rates because similar levels of G.P.V.Us. were supplied per kg. ration (Anwar, 1970) .
In a preliminary trial, conducted at the University of Alberta, to study the use of high and low quality rapeseed meals as a complete replacement for soybean meal in starting chick rations, it was observed that high quality rapeseed meal gave growth comparable to soybean meal, but the low quality rapeseed meal depressed growth. Although the experimental rations were isocaloric and isonitrogenous, they differed in their content of G.P.V.Us. due to difference in the protein quality of the rapeseed meals used.
The present work, therefore, was designed to provide isocaloric rations contain-1 University of Alberta postdoctoral fellow; home address: Animal Production Department, Faculty of Agriculture, Ain-Shams University, Cairo, Egypt, U.A.R.
ing a constant level of G.P.V.Us. per kg. in an attempt to incorporate high and low quality rapeseed meals as complete replacements of soybean meal in starting chick rations.
EXPERIMENTAL
Three experimental rations (Table 1) , containing 1807 ± 2 kcal. of P.E., 30.1 G.P.V.Us., S.S ± 0.3% fibre, 1.02 ± 0.02% calcium and 0.8 =fc 0.01% phosphorus per kg., were formulated. Casein, starch, tallow and solka-floc were used to make the necessary adjustments in the rations. A solvent-extracted soybean meal (S.B.M.) was used as the protein supplement in the control ration (Ration 1). Two rapeseed meals, one of high quality and the other of low quality, replaced soybean meal completely in the experimental rations (Rations 2 and 3) .
The G.P.Vs. for the protein supplements (Table 2) were determined by the simplified technique (Anwar, 1961) .
Day-old Dominant White X White Plymouth Rock male chicks were randomized into 9 groups of 20 chicks each. Three groups were placed on each of the rations. The experiment was terminated when the chicks were 4 weeks of age; they were individually weighed and the average weight in each group was determined.
